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ABSTRACT- 
Solar Energy is a renewable energy which is capable of generating thousands of MW of 
electricity. Developing countries like INDIA have framed policies inorder to help the genral 
public participate in this "GO SOLAR" movement. On one hand providing subsidies etc. is 
increasing the people's participation in this. While on the other, people are not able to optimize 
their systems due to lack of technical knowledge and awarness. India is capable of generating 
GW of solar power. However due to faulty installation process or by lack of self checking is 
decreasing the output of this potential market. Various government Ministries like the MNRE 
are training various groups of people. 
The paper aims to cultivate a good feeling about Solar Power in the minds of the reader. It tells 
us that how much untapped solar energy is available in India. It gives an insight about the 
advantages of solar energy and how one has to follow certain standards and methodologies to 
bring out the best in an installed system. It highlights the best suppliers and their performance 
quality of waffers. It gives the layout of an ON-Grid System and the procedures like 
wiring,earthing,connections etc. to be followed inorder to smoothly operate the system. The 
functions and standards of each and every component like inverts , Panels , mounted structure 
etc. used are given here with respective to various Power Outputs. In this manner a person does 
not get cheated while buying products from the market and is well aware about the technique of 
setting up the Panels. For example Panel efficiency is often seen by looking at the parameters 
such as short circuit voltage , open circuit voltage etc. while buying. This indicates the 
performance factor. If this data is not convincing then type test certificates can be obtained 
whick would then give a clear idea about the waffers or Panels. The ranges of the Panel 
parameters are also given. 
It also tells the main factors which need to be taken into consideration while maximizing the 
output of these cells like the percentage atmospheric absorption , Air mass etc. This helps in 
estimating the output of an installation from a given area. 
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Renewable Energy 
A country’s economic progress majorly depends upon its energy resources. Highly developed 
countries like the USA and China have a high energy consumption rate compared to other 
developing nations of the world. It has been reported that India’s absolute primary energy 
consumption is only 1/29th of that of the world, 1/7th of USA and 1/1.6 time of Japan. 
However, with the increasing danger posed by pollution, there is an urgent need to shun the 
excessive use of pollution releasing conventional sources of energy and switch over to 
environment friendly options like the renewable energy resources. 
Renewable energy is the energy that comes from replenish able energy sources such as 
sunlight, wind, etc. There is a large potential for renewable energy in India. It has been 
estimated that India’s renewable energy production amounts to a total of over 100,000 
MW(excluding large hydro) There is a fully dedicated Ministry of New and Renewable 
Energy, assisted by a number of state nodal agencies that work to enhance India’s position in 
the area of use of renewable energy sources. 
Potential Market of INDIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SOLAR FOR INDIA 
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The map shows that the regions of Gujrat and Rajasthan recieve ample sunlight and is a 
potential market for Solar Energy. A major region of Kerela,being near the equator, is also 
useful for solar Power Installation. 
Here we will first dicuss about Photovoltatic cells as they form the basic building blocks of the 
Panels. All the other components are discussed by taking the example of an Residential 
installation. 
 
Photovoltatic cells - 
 
PV Cell – The basic photovoltaic (PV) device that is the building block of PV modules. The 
cell is a thin wafer of silicon which changes light into electric current 
 PV Modules - one solar cell produces 0.5 volts and 36 cells are connected together to charge 
12 volt batteries, pumps and motors. The new standard is 72 cells per module for 24 volts and 
operating at about 30 volts. The module is the basic building block of systems. The PV cells 
are connected in series and/or parallel and encapsulated in an environmentally protective 
laminate 
 Integrated PV Modules are often constructed to look like materials normally found in 
construction – i.e., shingles 
 PV Array – A group of panels that comprises the complete direct current PV generating unit. 
(Sometimes referred to as a  string ). 
 
DATA ON SUPPILERS 
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Specifications of Waffers 
Type- Crystalline silicon 
Origin- Manufactured in India 
Efficiency- >= 13%  
Fill factor- >= 70% 
Degradation warranty Panel output (Wp) capacity to be >=90% of design nominal power after 
10 years and >=80% of design nominal power after 25 years. 
Module frame Non-corrosive and electrolytically compatible with the mounting structure 
material 
Termination box Thermo-plastic, IP 65, UV resistant 
 
Blocking diodes Schottky type 
Module minimum rated power The nominal power of a single PV module shall not be less than 
74Wp. 
RF Identification tag -for each solar module 
Shall be provided inside the module and must be able to withstand environmental conditions 
and last the lifetime of the solar module. 
RF Identification tag data 
a) Name of the manufacturer of PV Module 
b) Name of the Manufacturer of Solar cells 
c) Month and year of manufacture (separately for solar cells and module) 
d) Country of origin (separately for solar cells and module) 
e) I-V curve for the module 
f) Wm, Im, Vm and FF for the module 
g) Unique Serial No and Model No of the module 
h) Date and year of obtaining IEC PV module qualification certificate 
i) Name of the test lab issuing IEC 
Specification of Solar PV Modules Solar PV modules shall be of the crystalline silicon type, 
manufactured in certificate 
j) Other relevant information on traceability of solar cells and module as per ISO 9000 standard 
 
Power output rating 
To be given for standard test conditions (STC). I-V curve of the sample module shall be 
submitted. 
Compliance with standards and codes 
IEC 61215 / IS 14286 IEC 61730 Part 1 and 2 
Salt Mist Corrosion Testing As per IEC 61701 
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RESIDENTIAL INSTALLATION 
DIAGRAM FOR ON-GRID SYSTEMS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Typical roof top installation uses a rack mounting system, panels set in arrays or strings 
(multiple panels) and conduit for interconnection of panels. Example-- A cell or module is a 
single silicon unit and generators 0.5 volts. 
The layout crew will measure the surface area of the roof and must check the exact location of 
the roof framing members beneath. Since the panels add a tributary load of between 3-5 psf, this 
extra dead load is minimal and should not require a structural engineer. However, the rack 
system requires that the anchors are embedded into the roof framing, not just the sheathing. 
Other factors such as the time of the day till the sun is available is also important. Days when 
the nights and days are equal are called as equinox days. Days when the day is the longest or the 
nights are longest are important so need to be taken into account for finding out the optimal 
power output. Environmental factors such as wind and heat are important for finding out the 
optimization of power output from the panel. Winds help to remove the heat and other dust 
matter. Heat hampers the performance of the system and hence needs to be minimized. 
 
Track Systems 
This  standoffs  or spacers of a typical Pro-Solar system is attached using approximately 5/8  
diameter, long lag bolts through the metal roofing, ½ OSB and penetrating the 2-1/8 wide TJI top 
chord webs. The holes are pre-marked and drilled. Flashing sealant is often used to prevent roof 
leakage. 
Verical Poles 
The front rails have small restraining clips to hold the front of each panel. The vertical uprights 
[shown behind the rail] will elevate the panel to the desired angle for the specific latitude of the 
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project. The clips are adjustable from side-toside. For the vertical support legs (once cut to the 
correct length) also allow the installer to adjust the tilt of the legs. The angle of setting up of a 
system will depends upon a systems' latitude. This indicates the inclination of the sun and the 
optimal angle for it. In cases of some exceptions there are deviations. For examples where the 
regions are passing thorugh the equator the angle of inclination needs to be zero theoritically. 
However, we still give 4 to 5 degree inclination so that there is no deposition of dust and other 
particles. 
Optimum Use of Space 
The spacing between the solar PV arrays is critical. As the sun moves to the maximum height 
(azimuth) during the summer months to a lower height during the winter months, the panels 
must not shade each other. Partial vertical shading will only short circuit part of a panel; but 
horizontal shading will stop electrical production for the entire panel and thus the array. The 
spacing needs to be done during the design phase and prior to any installation. The legs get 
minor adjustments using flat washers to keep the bars level. 
The boxes must be grounded; so there are several key considerations in using plastic boxes 
(weather proofing for snow and water) with metal conduit. The metal conduit here uses 
grounding lug end connectors and jumper wires (sized per Code) to keep the grounding and 
bonds of the conduit, rails, panels and boxes consistent. This is all connected to a grounding 
terminal in the box adjacent to the inverter. Sizing of the wire should be based upon the panel 
voltage requirements. 
 
The a normal system would allow standard 12 gauge wiring; however, going to the next larger 
size (10 gauge) is more efficient and doesn’t cause voltage loss to heat because the gauge is 
marginal or undersized. Because this is a metal roof installation, THWN 90 high heat wiring 
and insulation are used. 
The inverter needs to be shaded and out of the weather. For this roof top installation, there 
are inverters which is mounted under an overhang. The inverter weighs 145 pounds and 
comes with a special mounting bracket. A normal mounting structure requires ¾ plywood 
backer that was supported by three vertical studs and secured with 12, evenly spaced 3 deck 
screws to hold the weight.Electrician checks grounding between conduit in plastic boxes. 
 
PROTECTION FROM FAULTS 
 
Earthing:  
Earthing is done is as to protect the devices as well as life in case of faults. There are different 
types of earthing. A pit is dug in the ground upto a certain feet. Salt or some minerals are 
added . This is done inorder to increase the conductivity of the sand. The ground is then 
covered with silica . In some areas chemical treatment of the soil is also allowed. However this 
is not a healthy practice as this depletes the ground water table. In areas such as rocky 
mountains this is permissible. 
For Earthing-- 
1 The PV module structure components shall be electrically interconnected and shall be 
grounded. 
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2 Earthing shall be done in accordance with IS 3043-1986, provided that earthing conductors 
shall have a minimum size of 6.0 mm2 copper, 10 mm2 aluminium or 70 mm2 hot dip 
galvanised steel. Unprotected aluminium or copper-clad aluminium conductors shall not be 
used for final underground connections to earth electrodes. 
3 A minimum of two separate dedicated and interconnected earth electrodes must be used for 
the earthing of the solar PV system support structure with a total earth resistance not 
exceeding 5 Ohm. 
4 The earth electrodes shall have a precast concrete enclosure with a removable lid for 
inspection and maintenance. The entire earthing system shall comprise non-corrosive 
components. 
Surge Protection 
1 Surge protection shall be provided on the DC side and the AC side of the solar panel system. 
2 The DC surge protection devices (SPDs) shall be installed in the DC distribution box 
adjacent to the solar grid inverter. 
3 The AC SPDs shall be installed in the AC distribution box adjacent to the solar grid inverter. 
4 The SPDs earthing terminal shall be connected to earth through the above mentioned 
dedicated earthing system. The SPDs shall be of type 2 as per IEC 60364-5-53 
 
Connections 
The panels are  active  or capable of producing DC voltage the minute the sun light hits the 
panel. 
Putting solar cell junction box at back of panels cabling for panels is carefully tucked into the 
rack channels [care to prevent crimping of connectors under panel edges] lightening arresting 
system installed in junction box ahead of inverter conduit down to photo voltaic meter at ground 
level. 
Connection to Service panel 
Feed breaker may not exceed 20% of the panel service size. This case, the house service was 200 
amps, this limits the breaker to 40 amps; max. output for this system is 25 amps. 
Conduit from roof to panel 
Since this panel is exterior to the house (open to the environment), the panel needs to be 
connected through the bottom of the existing service panel. The bare copper wire is 
connected to the service panel grounding lug and uses the existing UFER to complete the 
ground. 
Metering 
A digital AC power production meter is installed after the lock out junction box for the system. 
The Utility Company (APS) wants this lock out accessible without going into a fenced 
backyard. The meter must be read once a year and the information sent to the Utility Company 
within 15 days. 
The safety requirement for the metering is to prevent the customer from back feeding the grid 
system. If this disconnect wasn’t there and APS had to work on the lines, then a person working 
on the line can get short circuited. Here the grid system will supply current to the grid. 
Panel labels 
More warning labels are required adjacent to the inverter and DC disconnect at the roof 
location. Once APS or the utility company authorizes the connection to the grid, a secondary 
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digital meter with remote reading capability will be added to the service panel. During a light 
usage day and with full sunlight, the service panel meter will run backwards . 
APS (servering the Flagstaff Area) will require the owner of the system to read this meter once 
a year and report the total PV generating quantities. Now that the applicant is in a generator 
capacity, a log or notebook is probably going to be needed. 
Key reminders 
 If a solar panel is partially shaded vertically, then it only reduces the panel production by 
the 
 percentage of cells shaded; however, shading the top or bottom of a panel horizontally 
will short out the entire panel and reduce the electricity produced. In this case the cells 
will behave as the load and entire heat is dissicipated across these cells. This reduces 
the performance. Heat is released in case of this resistive load. 
 One of the leaders in authoring the Article 690, National Electric Code – Bill Brooks 
of Brooks Engineering, LLC [Bill@brooksolar.com; 707-332-0761] provides an 
excellent seminar through AZBO. Excellent source of information. 
[http://www.solarenergy.org/workshops/solarindustry.html] 
 When sunlight hits the ground, each square meter (approximately 10 square feet) of 
earth is capable of producing 1000 watts. The basic formula is P=V*I (v=voltage and I = 
intensity or current). 
 Factoid: Temperature affect voltage, so voltage increases as temperature drops and is 
reduced when it gets hotter. Light affect current (intensity) or the amperes. 
 Photo voltaic systems are somewhere between 10-15% efficient (without intensifiers). 
Solar water heaters (thermal systems) are 40% or greater in efficiency. 
 One silicon solar cell produces 0.5 volts. Electricity is produced when light knocks 
loose electrons from silicon atoms. The freed electrons have extra energy or voltage . 
Cells never run out of electrons. 
 
Common Problem Areas 
 
 Insufficient conductor ampacity and insulation – wiring is undersized for the load or 
the insulation type is not designed for hot locations. Roof tops often exceed 90 (F) 
degrees. 
 Excessive voltage drop – DC (direct current) loss because of long distances to inverter. 
 Unsafe wiring methods – inexperience by the installer. 
 Lack of or improper placement of over current protection and disconnect devices 
 Use of unlisted or improper application of listed equipment (i.e., AC in DC use) 
 Lack of or improve equipment or system grounding 
 Unsafe installation and use of batteries 
 Improper mounting and connection of equipment and racks 
 
After completed Solar Panel 
From the street side, this roof top solar panel generating system (5.61 Kwh) awaits the City 
inspection and green tag . Once that it completed, APS is scheduled to replace the service panel 
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meter with a bi-direction digital meter and approve the installation for operation. Then during the 
peak months, the owner hopes to run the meter backwards as it generates more than used. 
 
Panels 
Solar Cells 
• Crystalli e Silico solar cells - Single, Multi, Ribbon 
• Thi Fil solar cells - Silicon, a-Si, m-Si, CdTe, CIGS 
• Co ce trati g solar cells - Si, GaAs 
• Dye, Orga ic, a o aterials & other e ergi g solar cells 
 
Efficiency in photovoltaic solar panels is measured by the ability of a panel to convert sunlight 
into usable energy for human consumption. Knowing the efficiency of a panel is important in 
order to choose the correct panels for your photovoltaic system. For smaller roofs, more efficient 
panels are necessary, due to space constraints. How do manufacturers determine the maximum 
efficiency of a solar photovoltaic panel though? Read below to find out. 
 
Efficiency Parameters of Panels - 
 
Let there be a total of eleven (11) panels per array. Lets say, the Sharp 170 watt panel being used 
here is guaranteed for 25 years. The open current voltage is 43.2 volts, the Max power is 34.8 
volts, the Max current is 4.9 amps and the model efficiency is 13.1% The panels weigh 37.8 
pounds each and are 62 x32-1/2 x1-3/4 in size. (array configuration depends upon the maximum 
size of 600 Volts, DC) 
So when you are determining what solar panels are right for you, think about how important 
the efficiency of panels are in paying a premium price. Perhaps you have a roof with a large 
area that would be ideal for the placement of solar panels, and therefore, lower cost and less 
efficient panels would work for you. If your rooftop area is limited though, you may want to 
determine the efficiency you will need for your panels to achieve the desired power output over 
a limited area. 
 
Components and their specifications -- 
 
SPV Module 
 
The photovoltaic modules should be Mono /Poly Crystalline with a total array capacity of i. For 
1.0 KW SPV power plant- Power output under STC should be 1.0 KW ii. For 5.0 KW SPV 
power plant-Power output under STC should be 5.0 KW iii. For 10.0 KW SPV power plant- 
Power output under STC should be 10.0 KW 
 The Photovoltaic modules must be qualified as per IEC 61215 (revised) / IS 14286 
standards and in addition, the modules must conform to IEC 61730-1 requirements for 
construction & Part-2 requirements for testing, for safety qualification. 
 The PV modules must be tested and approved from any of the NABL/IEC/ MNRE 
Accredited Testing Calibration Laboratories. 
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 The supplier shall provide performance guarantee for the PV modules used in the 
power plant must be warranted for their output peak watt capacity, which should not be 
less than 90% at the end of 10 years and 80% at the end of 25 years. 
 The efficiency of the PV modules should be minimum 14%. 
 Indigenously manufactured PV modules should be used. 
 
Battery Bank 
The battery bank should be  
i. For 1.0 KW SPV power plant- 12 cells of 2 Volt, 300Ah Cells will be connected in series/ 
parallel to form 24 volt 300 Ah battery bank. 
ii. For 5.0 KW SPV power plant- 60 cells of 2 Volt, 300Ah Cells will be connected in 
series/ parallel to form 120 volt 300 Ah battery bank. 
iii. For 10.0 KW SPV power plant- 60 cells of 2 Volt, 600Ah Cells will be connected 
in series/ parallel to form 120 volt 600 Ah battery bank. 
 VRLA tubular GEL type batteries conforming to National / international standards IEC-
61427 & IS-15549 standards, low maintenance, stationery at C/10 rate). 
 It will be staged in racks duly painted with acid resistant paint to cover less space. 
 
Power Conditioning Unit with inbuilt charge controller Power conditioner unit with 
inbuilt charge controller of capacity 1.0 KW, 5.0 KW and 10 KW solar power plants 
should convert DC power in to AC power must confirm to standards IEC 61683 with 
following DC input and AC output voltages 
 
i. For 1.0 KW solar power 
plant 
 
- 
 
24 volt DC to 230 volt AC single phase 
 
ii. For 5.0 KW solar power 
plant 
- 120 volt DC to 230 volt AC single phase 
 
iii. For 10.0 KW solar power 
plant phase. 
- 120 volt DC to 440 (phase to phase) volt AC 
three 
 
The PCU will have following features: 
o MOSFET/ IGBT based MPPT / PWM charging 
o Wide input voltage range 
o Output voltage 220 + 2% of modified/ pure sine wave in case of 1.0 and 5.0 
KW. 
o Output voltage 440 + 2% (phase to phase) of modified/ pure sine wave in case 
of 10.0 KW. 
o Output frequency: 50 Hz+0.5 Hz 
o Capacity of PCU/ Inverter is specified at 0.8 lagging power factor. 
o THD: less than 3% 
o Efficiency:  > 90% at full load 
o Ambient Temp 50 degree Celsius (max) 
o Operating humidity  95% maximum 
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o Protections: - Over voltage (automatic shut down) - Under voltage 
(automatic shut down) - Overload - Short circuit (circuit breaker & 
electronics protection against sustained fault). - Over Temperature - Battery, 
PV reverse polarity 
o Indications: - Array on - MPPT/ PWM charger on - Battery connected, 
charging - Inverter ON - Load on solar/ battery 
 
Grid charger on - Load on Grid - Grid on 
 Display parameters - Charging current - Charging voltage - Voltage of PV 
panels - Output voltage - Grid voltage - Inverter loading - Output frequency 
 Cooling:  Air cooled 
 When battery bank is fully charged, the PCU should have the feature to feed 
the power generated from solar to load and draw the additional power from 
main supply to meet the load requirements in the case load is more than solar 
energy produced. 
 In case of 5.0 KW solar power plant if some manufacturer has different input 
voltage of PCU i.e. 48Volt and 96 Volt then the PCU should be able to deliver 
output of 230 Volt 50 Hz AC irrespective of what DC voltage input they are 
feeding to the PCU. The battery bank used should be of same watt hour capacity 
given above. The inbuilt Charge Controller shall be according to the system 
voltage selected for the PCU. 
 
Junction boxes 
 The junction boxes shall be dust and water proof and made of thermoplastic the terminals 
will be connected to copper lugs or bus-bar of proper sizes. The junction boxes will have 
suitable cable entry points fitted with the cables. Suitable markings shall be provided on 
the lugs or bus-bars for easy identification at cable ferrules will be fitted at the cable 
terminations points for identification. Each main junction box shall be fitted with 
appropriate rating reverse blocking diode. The junction boxes shall be of reputed make. 
 The junction boxes shall have suitable arrangement for the following: 
 
a) Combine groups of modules into independent charging sub-arrays that will be wired 
into the controller. 
b) Provide arrangement for disconnection for each of the groups. 
c) Provide a test point for each sub group for quick fault location. 
d) To provide group array isolation. 
e) The rating of the JBS shall be suitable with adequate safety factor to inter connect the Solar 
PV array. Structure for module frame 
Modules shall be mounted on supporting structure made out of galvanized MS angle of 
required structural strength. (hot dip/galvanized) either on the roof top or at ground as per the 
site requirement Structure: - 
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1. The size of M.S. (Galvanized) angle should be 50 x 50 x 5 mm. The structures are to be 
fitted either on the roof top or at ground properly and south faced. It should withstand wind 
speed up to 120 Km/hour. 
2. Foundation – The legs of the structure made with hot dip GI angles will be fixed and grouted 
in the RCC foundation columns of size 300mmx300mm made with 1:2:4 cement concrete. The 
minimum ground clearance from the lowest part of any module shall be 500 MM. While making 
foundation design due consideration will be given to wait of module assembly, maximum wind 
speed of 120 km per hour. 
3. The work includes necessary excavation, concreting, back feeling, shoring and shuttering etc. 
4. Brick paving of first class bricks with cement mortar (1:6) as per PWD specifications on edge 
type plate form is to be provided under the modules structure area with minimum 1 meter more 
than structure. 
Connecting cables 
 
I. For 1.0 KW solar power plant;- PVC insulated copper cables (ISI marked) for : 
 Module interconnections (4.0 mm2 copper single core multi strand) 
 Module parallel interconnection (6 mm2 copper single core multi strand) 
 Array or AJB to PCU (10 mm2 copper two cores). 
 Battery to PCU (16 mm2 copper single core multi strand) might be double cables if 
required 
 PCU to load / change over switch (Single core copper cable 4.0 mm2 multi strand) 
 distribution points (Single core copper cable 4.0 
mm2 and 2.5 mm2 multi trand) and for further 
II.For 5.0 KW solar power plant;- 
 
 Module interconnections (4.0 mm2 copper single core multi strand) 
 Module parallel interconnection (10mm2 copper single core multi strand) 
 Array or AJB to PCU (16 mm2 copper two cores). 
 Battery to PCU (16 mm2 copper single core multi strand) might be double cables if 
required   PCU to load / change over switch (Single core copper cable 6.0 mm 2 
multi strand) and for further distribution points (Single core copper cable 4.0 mm2 
and 2.5 mm2 multi strand) 
 
III. For 10.0 KW solar power plant;- 
 Module interconnections (4.0 mm2 copper single core multi strand) 
 Module parallel interconnection (10mm2 copper single core multi strand) 
 Array or AJB to PCU (25 mm2 copper two cores). 
 Battery to PCU (25 mm2 copper single core multi strand)  might be double cables if 
required 
 PCU to load / change over switch (Single core copper cable 10.0 mm2 multi 
strand) and for further distribution points (Single core copper cable 4.0 mm2 
and 2.5 mm2 multi strand) 
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All cables to be supplied should be as per BIS and should have proper current carrying 
capacity and should not be heated. - All cables shall be adequately supported. - Outside of 
terminal/panels/enclosures shall be protected by conduits. Cables shall be provided with dry 
type compression glands wherever they enter junction boxes, panels, enclosures. Indoor 
wiring All indoor wiring is to be done in a casing capping system. As and when required 
flexible pipe may also be used. Load connection The supplier shall also ensure that main 
points of the building should be connected keeping in view the capacity of the plant. 
Lighting protection Suitable nos. of lighting arrestors shall be provided in the array field for 
the protection. Earthling protection Each array structure and all metal casings of the plant 
etc. shall be earthed properly. Tool Kit and Spares One necessary tools kit and spares will 
have to be provided by the supplier Energy meter Supplier shall provide energy meter to 
measure the DC power in KW hrs being fed to the plant. 
 
2. CODES AND STANDARDS 
 
The BoS items / components of the SPV power plant must conform to the latest edition of 
IEC/ equivalent BIS Standards as specified below: BoS item / component Standard 
Description Standard Number Power Conditioning Unit Inverter 
BoS ite m / component Standard Description Standard Number Power Conditioning Unit 
Inverter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Power Conditioning Unit Inverter 
Efficiency Measurements -- IEC61683/IS 61683 
Environmental Testing -- IEC60068 2 (1, 2, 14, 30)/ equivalent BIS standard 
Charge controller/ MPPT units* 
Environmental Testing IEC60068 2 (1, 2, 14, 30)/ equivalent BIS standard 
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**In case if the Charge controller is in-built in the inverter, no separate IEC 62093 test is 
required and must additionally conform to the relevant national/international Electrical Safety 
Standards wherever applicable 
 
IDENTIFICATION AND TRACEABILITY 
 
Each PV modules used must use a RF identification tag (RFID), which must contain the 
following information. 
The RFID can be inside/ outside the module laminate, but must be able to 
withstand harsh environmental conditions. 
(i) Name of the Manufacturer of PV Modules 
(ii) Name of the Manufacturer of Solar Cells 
(iii) Month and year of the manufacturer (separately for solar cells and module) 
(iv) Country of origin (separately for solar cells and module) 
(v) I-V curve for the module 
(vi) Peak Wattage, lm, Vm and FF for the module 
(vii) Unique Serial No and Model No of the module 
(viii) Date and year of obtaining IEC PV module qualification certificate 
(ix) Name of the test lab issuing IEC certificate 
(x) Other relevant information on traceability of solar cells and module as per ISO 9000 series. 
Factors affecting Solar Panel Installation with explanation -- 
While the solar radiation incident on the Earth's atmosphere is relatively constant, the radiation at 
the Earth's surface varies widely due to: 
 Atmospheric effects, including absorption and scattering When the sun is overhead, 
the absorption due to these atmospheric elements causes a relatively uniform 
reduction across the visible spectrum, so the incident light appears white. However, 
for longer path lengths, higher energy (lower wavelength) light is more effectively 
absorbed and scattered. Hence in the morning and evening the sun appears much 
redder and has a lower intensity than in the middle of the day 
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 Local variations in the atmosphere, such as water vapour, clouds, and  pollution 
 
 
 
 
 
 
 
 
 
 
 
 
 Latitude of the location 
 
 
 
 
 
 
 
 
 
 Tilt 
 
The tilt angle has a major impact on the solar radiation incident on a surface. For a fixed tilt 
angle, the maximum power over the course of a year is obtained when the tilt angle is equal to 
the latitude of the location. However, steeper tilt angles are optimized for large winter loads, 
while lower title angles use a greater fraction of light in the summer. 
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